Mammalian genome-wide loss-of-function screens using arrayed small interfering RNA expression libraries.
Extract: RNA interference (RNAi), first discovered in Caenorhabdtitis elegans and now widely found and applied in a variety of organisms such as Drosophila, zebrafish and mammalian systems, has emerged to revolutionize the field of functional genomics by inducing specific and effective post-transcriptional gene silencing for loss-of-function studies. Mechanistic investigations of RNAi suggest that long double-stranded RNAs (dsRNAs) are first cleaved by the RNase III-like enzyme, Dicer, to 21-23 base pair (bp) small interfering RNAs (siRNAs). These siRNAs are resolved by ATP-dependent RNA helicase, and the resulting single-stranded RNAs are then incorporated into the RNA-induced silencing complex (RISC). The antisense strand of the siRNA duplex guides the RISC to the homologous mRNA, where the RISC-associated endoribonuclease cleaves the target mRNA, resulting in silencing of the target gene. The approach of using long dsRNA (up to 1-2 kb) in C. elegans and Drosophila to induce gene silencing cannot be similarly used in mammalian cells, where introduction of long dsRNA activates the dsRNA-dependent protein kinase PKR. PKR phosphorylates and inactivates the translation initiation factor eIF2, resulting in a non-specific gene-silencing effect. Development and implementation of the use of 21 to 23bp siRNAs, which can be prepared by chemical synthesis, in vitro transcription, or expressed in cells using siRNA expression systems, allows specific and effective gene silencing in mammalian cells to occur without activation of PKR.